The purpose of this study was to determine muscular strength tests which would be appropriate for Army occupational selection and predictive of job lifting and lifting-carrying tasks. A maximum lift to 132 cm, dead lift to knuckle height SECURITY CLASSIFICATION OF THIS PAGEM40 Dat. E aiOMd and female soldiers. Initial analysis selected six isometric strength measures plus lean body mass as potential predictors of the best criterion variable, i maximum lift capacity to 132 cm (MSLC). Males and females formed separate populations (non-coincidence) in these measures so that gender could be represented by a numerical designator as a constituent variable in a single predictive equation. Handgrip, 38 cm upright pull and upper torso pull down gave similar predictive power. Ridge regression techniques were utilized to compensate for multicollinearity effects among these predictors. This analysis and operational considerations reduced the final variables to the 38cm upright pull, lean body mass and gender. For lift capacity to 132cm, the equation derived was MSLC = -.8.466 + 0.9933 (LBM) + .006349(UP 38) -4.777 (SEX) with males = I and females = 2 for SEX, resulting in a multiple correlation coefficient of 0.89. Median performances for males and females for MSLC was 57.1kg and 31.1kg, respectively. Males could lift 1.8 times more than females, but their isometric strength was only 1.5 -1.6 times that of females.
[Accession For 
0
This document must be forwarded to USAMRDC for clearance. 
Introduction
The implementation in the United States of an all volunteer Army, the increase in the total number of women joining and requesting non- 1974, 1978) and Chaffin (1974 , Chaffin et al 1978 , Keyserling et all 1980a . These researchers demonstrated significant decreases in both musculoskeletal and contact injuries when employees worked within their strength capacity.
The uniqueness of military missions, the fitness characteristics and capacities of these personnel, and the nature of the criterion-strength task dictated additional studies of the US Army population. Thus the studies reported here were designed to 1) assess the lifting capacities of a sample of incumbents in a wide range of occupations, and 2) determine the relationship between these capacities and various simple, safe, and brief maximal isometric and isokinetic strength tests.
Methods

Subjects
Two hundred seventy two soldiers, 221 males and 51 females, assigned to various units of the 24th Infantry Division, Fort Stewart, GA, in the Four guidelines were used to determine when subjects had reached their safe maximums. The first was inability to actually place the weighted box onto the platform even when proper technique was used. The second was the observation of marked hyerextension of the trunk in an attempt to "angle" the edge of the box onto the lip of the platform.
The third was degeneration of a single smooth evenly controlled lift I into jerked disrupted segments.
Lastly, deterioration of the straight back form into marked thoracolumbar flexion during the Initial part o.
lift terminated further lifting.
No feedback as to the amount of weight lifted was provided the subjects although the number and size of iron weights in the box were not concealed. Subjects were almost invariably able to lift more weight if allowed to compromise the specified lifting form. When a subject was unable to lift the box using proper form, the previous weight lifted correctly (usually 2-2.5 kg less) was identified as the individual's MSLC.
Maximal dead lift (MDL) capacity
Upon determination of the MSLC, all female subjects and the first 64 males were tested for maximum dead lift (MDL) capacity. Inability to stand erect with the loaded box using a straight vertical back, squat 4 posture, and no jerking was the criterion used to establish this 4 6 Subjects were required to lift the box previously described from floor to knuckle height, carry it five meters, and lower it to the ground.
The number of carries completed with each weight after five (LC25/5, LC43/5) and ten (LC25/10, LC43/10) minutes was recorded. The ten minute I values were used as the performance measures.
Subjects were instructed to make as many trips as possible while using proper form.
Subjects were cautioned about the importance of The distance between the ankles was adjusted by each subject from 25-42 cm with the distance in the sagittal plane from the ankles to the bar ranging from 10-20 cm depending upon the anatomical conformation of the individual subject.
Dynamic strength measurements
Trunk extensor strength was measured at velocities of 36 and 108 degrees per second using an isokinetic dynamometer (Cybex II, Lumex
Corp, Ronkonkoma, New York). Subjects were positioned securely in an apparatus which stabilized the hips and thighs but allowed for extension of the trunk. The subject was coupled to the dynamometer lever arm with an 8 cm high, 50 cm wide padded cuff, the top of which was placed across the upper back 5 cm below the acromion process.
Subjects were allowed three familiarization contractions at each velocity followed by three separate maximal contractions (first at 36 degrees per second (CT36) and then at 108 degrees per second (CT108).
Prior to each effort subjects were instructed to extend the trunk "as hard and as fast as you can" beginning at 90 degrees of trunk flexion and continuing until a full upright posture had been reached.
Physical fitness test performance
In addition to these laboratory measures the US Army Physical
Readiness Test was administered on a separate day. The test consisted of 1) the maximum number of correct (i.e., elbow flexion reaching 90 degrees or greater) push-ups (PU) within two minutes (rest allowed in the front leaning rest position only), 2) the maximum number of bent-
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. Results of the initial ridge regression analysis for the two groups using gender, LBM, and the six isometric strength measures as I predictors, demonstrated a 50-fold factor between the first and last eigenvalues of the correlation matrix thereby confirming significant multicollinearity effects.
Three of the beta weights (LE, TR, and UP132) were driven relatively more rapidly to zero than the others with increasing magnitude of the biasing coefficient, k. They were eliminated, and the ridge regression procedure repeated with the reduced I set.
k Table 7 and figures 5 and 6 illustrate the results of the ridge regression for this reduced set of variables. Again, inspection of the elgenvalues suggests multicollinearity to be significant. Unrealistic negative beta weights for UP38 in group 1 and UT in group 2 were noted.
The biasing process drives these beta weights to realistic positive values, markedly reducing the importance of LBM as a predictor in group 1, and suggesting that the three measures of isometric strength are of similar importance.
[Insert As a result of these observations, values of 0.2 and 0.0 were chosen for the biasing coefficient for groups 1 and 2 respectively. 
that the beta weights of group 2 are consistently greater in magnitude than those of group 1. However, the percentage of relative importance as calculated by the ratio of the square of the beta weight to the sum of squares of the weights are quite comparable.
[Insert The groups were combined to generate the final model. Table 9 presents the results of the ridge regression analysis. A 10 fold factor between first and third eigenvalues is equivocal in suggesting a multicollinearity problem. Without any bias the beta weights do not fall into the ranges suggested by the data in 
Prediction of the MDL capacity from a sample of 43 females using the two predictor variables chosen for the MSLC, LBM and UP38, without any biasing coefficient resulted in the equation MDL = 0.96OxLBM(kg) + 0.46xUP38(kg) -10.4. The standard error of the estimate was 9.58 kg and the multiple correlation coefficient was 0.72.
3.5.
Repetitive lift-and-carry performance can be characterized in terms of strength and endurance capacity. Table 11 presents the results of the multiple regression analysis where the criterion measure is the number of repetitions over the ten minute period and independent variables are the MSLC and the maximal oxygen uptake (VO2AR) calculated from step test heart rate data.
[Insert table 11]
The highest correlations with the lift-and-carry performance at both weights are with the MSLC. All multiple R's are significant at the 0.01 confidence limit although they are moderately weak with the exception of the female 43 kg lift-and-carry performance which was R=0.64. The addition of VO2AR significantly increases the amount of variance accounted for by the regression model, although the increase is not large. Figure 7 illustrates the decline in performance comparing the 25 kg and 43 kg loads as related to the percentage of MSLC and MDL for each gender. The 10 minute performance decrements of 45% and 59% in males and females, respectively, are noted with the 72% increase in weight.
Female performance at both loads averaged 46% that of males. sexes the work rate dropped from the first five minute period to the second -21% and 23% for males, and 26% and 19% for females at the 25 kg and 43 kg loads, respectively.
[Insert figure 7) 4. Discussion Median MSLC performance in males is 1.8 times that of females, while, for all but one, median isometric measures in males vary from 1.5 to 1.6 times that of females. Thus, at a given level of isometric performance males appear to be able to produce greater levels of isotonic performance than females. This finding is consistent with 4
Poulsen's (1970) findings that men were able to dead lift 8-10 kg more
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than women at identical levels of maximum isometric back strength capacity. While this may reflect real physiologic differences between genders, psychologic and experiential explanations as well as differential biased ascertainment of maximum performance on the criterion task by the investigators cannot be ruled out. However, the male/female median isokinetic ratios of 1.8 for both measures are directly comparable to the MSLC ratio, and would suggest physiologic, experiential, or psychologic differences between males and females in explaining differential maximum isometric strength performance relative to a given level of performance on the criterion task (MSLC).
Isometric and isokinetic correlations with MSLC and MDL
Isometric measures are more highly correlated with MSLC in both genders and MDL in females than isokinetic measures. This finding would be consistent with the interpretation that the criterion measures approach the limiting conditions characteristic of isometric performance, and thereby tend to reflect isometric capability.
Demonstration of higher correlations of the slower speed isokinetic measure with MSLC in males and MDL in females as compared with the higher speed measure is consistent with this interpretation.
Correlations of the isometric measures with MSLC and MDL in females
indicate stronger correlations in general with MDL. This finding 7probably reflects the greater simplicity of the MDL task compared to the MSLC task, and thereby a relatively more precise measure. However, use of its probability characteristics for screening, or its distribution characteristics for enlistee manpower description and allocation should be avoided.
4.3.
Prediction of MSLC
4.4.
Repetitive lift-and-carry performance
Multiple regression analysis of this task confirms the importance of * 20 both strength and endurance components. Large correlations cannot be expected in these data for three reasons. First, no reward system was used to enhance motivation. Secondly, the stepping test Is an indirect and imprecise measure of aerobic capacity. Lastly, 10 minutes of maximal lift-and-carry performance tends to be dominated by strength capacity, although aerobic capacity would be expected to play some role in task performance. The strong correlation between LC43/10 and MSLC in females suggests that strength capacity alone plays a more significant role in repetitive lifting and carrying of a relatively heavy external mass.
It would appear that even relatively fit female soldiers are excessively stressed by the ten m.nute 43 kg lift-and-carry task. I Although all but one of the female subjects were capable of dead lifting this weight, the median percent of MDL capacity exceeds 50%. Jorgensen and Poulsen (1974) demonstrated that exceeding 50% of the maximum lifting capacity will not increase work output per unit time in a repetitive lift-and-carry task.
Similarly, injury rates significantly increase beyond this limit -especially for tasks of longer duration (Chaffin and Park 1973, Chaffin et al 1978) .
Although not quantitatively addressed in this study, endurance capacity was a significant determinant In performance of this repetitive I lift-and-carry task. Petrofsky and Lind (1973b) demonstrated in a laboratory setting that repetitive lifting tasks can be maintained for one to four hours when subjects work at no more than 50% of their maximum oxygen uptake measured for lifting each specific weight of box.
Measures of maximum oxygen uptake in lifting modes of exercise appear to be limited by local fatigue factors, and are directly correlated to the weight being lifted (Petrofsky and Lind 1978a --46 
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